In a nondividing stationary phase culture, white/pink sectoring or FOA S coloTrichostatin A (TSA), a specific inhibitor of HD enzymes (Yoshida et al., 1990) . We demonstrate that treatment nies were not observed, even after prolonged exposure to TSA (not shown). When strains with the ura4 ϩ marker with TSA derepresses marker genes and increases H3 and H4 acetylation in the centromeric chromatin. TSA gene integrated in the otr-dg/K repeats of cen1, cen2, or cen3 were treated with TSA, derepressed Ura ϩ /FOA S causes a stable epigenetic change of functional underacetylated centromeres to acetylated defective centrocells were generated ( Figure 1D ). Thus, transient exposure to TSA caused the expression of normally remeres. We propose a model in which underacetylated nucleosomes and putative centromere-specific interpressed marker genes in cen1, cen2, and cen3, and this expressed state was propagated in daughter cells in the acting proteins are required for proper folding of a functional centromere.
absence of TSA. Next, the mitotic stability of the derepressed whiteexpressing states was analyzed. The response of two different strains to TSA was first compared ( Figure 1B) .
Results
Both strains harbor the cen1R ade6 ϩ insertion, but on genetic backgrounds carrying different alleles at the nor-TSA Induces Centromeric Marker Expression, which Is Maintained in Lineages mal ade6 locus. The FY1180 strain, bearing the hypomorphic ade6-210 allele, is orange, whereas the FY2002 on Removal of TSA To investigate the effects of TSA on centromeric gene strain, which carries a 153 bp deletion from the ade6 ORF (ade6-DN/N), forms red colonies. After the same silencing, fission yeast strains (see Table 1 ) with marker genes inserted in cen1, cen2, and cen3 were utilized.
TSA dose, FY1180 produced a higher frequency of pure white colonies than FY2002. Fluctuations in the state of The strain FY2002 has the ura4 ϩ marker gene inserted on the left-hand side (imr1L /BЈ-Nco1) and the ade6 ϩ repression of cen1R ade6 ϩ were more readily detected in the FY1180 strain, and it was used to assess stability marker gene inserted on the right-hand side (otr1R/ KЈЈ-Sph1) of cen1 ( Figure 1A ). These marker genes are of the repressed/expressed states after incubation with different doses of TSA. This was done by picking and referred to as cen1L ura4 ϩ and cen1R ade6 ϩ in the following discussion. Silencing renders this strain phereplating TSA-induced white-expressing FY1180 colonies, and counting the frequency of half red/half white notypically Ura Ϫ and Ade Ϫ . Colonies from this strain were easily distinguished by their red color (Ade Ϫ ) on sectored colonies generated. This assay revealed that white-expressing cells return to the red-repressed state low adenine plates and resistance to the drug 5-fluoroorotic-acid (FOA), which kills Ura ϩ cells. The repressed at a rate of between 0.5% and about 30% per cell division. The rate appeared to depend on the dose of TSA states for both cen1L ura4 ϩ and cen1R ade6 ϩ marker genes are very stable in the FY2002 strain. Spontaneous used, being highest at lower doses (Table 2) . Typically, the immediate flip-back rate was ‫%2ف‬ after prior treatwhite (ade6 ϩ -expressing) colonies occur with a frequency of 2 ϫ 10 Ϫ4 . Upon replating, these spontaneous ment with 100 g/ml TSA for five doublings. These TSAinduced white lineages were replated after up to 200 white colonies readily switched back to the red state, indicating repression of the ade6 ϩ gene (not shown). divisions in the absence of TSA and still maintained high stability (i.e., a flip-back rate of ‫%2ف‬ per cell division). Transient treatment of FY2002 cells with TSA, at sublethal concentrations (50 g/ml) and subsequent plating
In contrast, replating of spontaneous white colonies did not result in stable lineages (not shown). Replating of on indicator plates, resulted in up to 66% white or pink and 99% FOA-sensitive (FOA S ) colonies. The kinetics of red segregants from white lineages resulted in the formation of predominantly red colonies, with whites occen1L ura4 ϩ and cen1R ade6 ϩ activation by TSA was studied by time-course analysis during treatment (Figcurring at the normal background level (i.e., 2 ϫ 10 Ϫ4 ). Thus, metastable white-expressing lineages were obures 1B and 1C). A large fraction of cells became FOAsensitive, and pink or white colonies first occurred after tained by transient TSA treatment, while flipped-back red colonies were as stable as the untreated strain and six doublings in the presence of TSA. These pink and Half-sectoring colonies were scored as Ն50% red and Յ50% white. These colonies represent ''flip-back'' events in the first division so that the rate of flip-back is the fraction of half-sectored white colonies.
appeared to have returned to the normal state of repression.
White-Expressing Lineages Display Slow Growth and Chromosome Segregation Defects
Mutations such as clr4, rik1, and swi6, which disrupt centromeric silencing, are known to cause chromosome segregation defects (Allshire et al., 1995; Ekwall et al., 1995 Ekwall et al., , 1996 . To investigate if exposure to TSA also induces chromosome loss, a strain (FY521) containing a nonessential ade6 ϩ -marked minichromosome, Ch16, was utilized. Ch16 is a linear minichromosome of 530 kb and carries a complete cen3 and flanking regions. Loss of Ch16 was monitored by a red/white colony halfsectoring assay (Allshire et al., 1995) after transient treatment with TSA. FY521 cells normally lose Ch16 in 0.1% of cell divisions; TSA treatment increased this to 7.8% loss per cell division ( Figure 2A ). Thus, prior exposure to TSA for several divisions results in dramatic induction of chromosome loss in the subsequent division. Contrary to the norm, it was noticed that in both cen1R ade6 ϩ strains the white-expressing lineages formed smaller colonies than the red-repressed segregants on normally repressed cen1R ade6 ϩ marker, which, in turn, (Ekwall et al., 1995) . Since Swi6p is delocalized from the centromere in clr4 and rik1 mutant backgrounds, we examined if the localization of this protein was also perturbed by TSA treatment. Untreated FY1180 cells displayed the normal Swi6p staining pattern (2-4 spots/nucleus) corresponding to centromere, mating-type, and telomere nuclear domains ( Figure 2C ). In cells incubated with TSA (25 g/ ml), Swi6p localization was clearly disrupted; a more diffuse/punctate pattern of nuclear staining was apparent (these data have been confirmed in live cells following functional Swi6p tagged with GFP; A. Pidoux, K. E., and R. A., unpublished data). Upon removal of TSA in the white-expressing lineages, however, the Swi6 protein was relocalized to a more normal staining pattern (not shown).
TSA Increases Levels of Histone Acetylation in Bulk Chromatin and Centromeric Chromatin
Inhibiting histone deacetylase with TSA should result in expressing lineage. The resulting Western blot showed a single band, corresponding to histone H4 acetylated at lysine 5, in all samples ( Figure 3 ). Although Western analysis is not highly quantitative, it was clear that the leads to abnormal centromere function, chromosome missegregation, and slow growth. To test if the slow band was much stronger in cells treated with TSA for 10 generations, indicating an overall increase in acetylagrowth and lagging anaphase phenotypes observed were dependent on the presence of a marker gene intion at lysine 5 of H4. Cells of white-expressing lineages had returned to normal acetylation levels 60-80 generaserted in the centromere, a wild-type strain with no centromeric marker gene, FY367, was treated with TSA.
tions after TSA treatment.
To determine if the fission yeast centromeric chromaNormally, this strain gives rise to colonies of uniform size, but after TSA treatment, colony size was heterogetin responds to TSA treatment in a specific manner as compared to nonheterochromatic regions, a quantitaneous. Small colonies were restreaked and stable slowgrowing lineages replated ( Figure 1B ). Four independent tive IP method for chromatin analyses was developed. Soluble formaldehyde cross-linked chromatin from total slow-growing lineages were analyzed and found to exhibit lagging chromosomes in anaphase cells (Table 3) .
cultures of FY2002 cells and FY340 control cells grown in the presence (ϩTSA) and absence of TSA (ϪTSA) was The lagging chromosomes and TBZ-sensitivity phenotypes observed in the white-expressing and slowprepared by a method adapted for use on fission yeast (Hecht et al., 1996) . FY2002 cells contain the cen1L growth lineages are very reminiscent of the phenotypes of clr4, rik1, and swi6 silencing mutants (Ekwall et al., ura4 ϩ marker and a ura4-DS/E minigene control (268 bp Two identical SDS-PAGE gels were run. One was stained with Coomassie as a control for loading, and the other subjected to Western blotting and probed with affinity-purified H4Ac5 antibodies.
deletion within the coding region) at the endogenous ura4 locus. The control FY340 strain contains a random insertion of the ura4 ϩ gene at a constitutively expressed site in addition to the same minigene control (see Allshire et al., 1994 Allshire et al., , 1995 . Antibodies against specific acetylated quantitatively using a competitive PCR strategy that allows the relative levels of ura4 ϩ and ura4-DS/E in the IP'ed chromatin to be accurately determined (Figure 4) . First, the ratio of ura4 ϩ and ura4-DS/E chromatin present contains a single copy of imr1 sequence with a 100 bp internal deletion inserted at the ura4 locus (ura4::imr1-in the crude extract was normalized to 1.0. The same correction factor was applied to the ratio of ura4 ϩ :ura4-DK/S). This strain allows a comparison of the H3 and H4 acetylation levels of centromeric chromatin in 6 cop-DS/E in IP's performed on the same extract with each antiserum, thus indicating the relative IP efficiency. IP ies of the imr repeat at cen1 (2 copies) and cen2 (4 copies), to chromatin assembled on the single imr1 copy analyses were performed several times on total cell cultures grown in ϪTSA or ϩTSA media and on TSAinserted at the noncentromeric ura4 locus (ura4::imr1-DK/S). Chromatin IPs were performed on extracts from induced lineages and flipped segregants ( Figure 5 ; Table  4 ). In general, chromatin of the randomly inserted ura4 ϩ total cultures of FY2334 cells grown in ϩTSA or ϪTSA media (Figures 5G and 5H ; Table 4C ). It was evident gene and the ura4-DS/E minigene in FY340 cells, ϩTSA or ϪTSA, were IP'ed equivalently with most antibodies that in cells grown in ϪTSA centromeric imr chromatin precipitated with all antisera relatively poorly (2-to (apart from H4Ac12), demonstrating that acetylation levels were similar on both of these versions of ura4 (Fig-5 -fold) compared with ura4::imr1-DK/S chromatin. In the ϩTSA cultures, the centromeric imr chromatin precipiures 5A and 5B; Table 4A ). In FY2002 cells, however, cen1L ura4 ϩ chromatin was clearly underrepresented tated much more efficiently with most sera. Thus, both at cen1 and cen2, this part of the imr element must be as compared to ura4-DS/E chromatin in IPs with all antibodies apart from H4Ac12 ( Figure 5C ; Table 4A ). In assembled into chromatin that is normally composed of underacetylated H3 and H4. However, incubation for particular, the chromatin on the cen1L ura4 ϩ gene was 4-to 6-fold underacetylated on histone H4 at lysines 5 several divisions with TSA leads to hyperacetylation of H3 and H4 associated with this region of centromeric and 16. This contrasts with the level of histone H4 lysine 12 acetylation, which was similar on both the cen1L chromatin. ura4 ϩ and the ura4-DS/E chromatin (Table 4A ). An increase in the level of all of the examined forms of histone TSA-Induced White-Expressing and Slow-Growing Lineages Maintain High cen1 H3 and H4 acetylation of cen1L ura4 ϩ chromatin was seen when FY2002 cells were grown with ϩTSA ( Figure  Histone Acetylation To examine if persistently high histone acetylation levels 5D; Table 4A ). Most notable was the 3-to 7-fold increase seen on lysines 5, 8, and 16 of H4 of the cen1L ura4 ϩ were associated with the chromosome missegregation and slow-growth phenotypes of TSA-induced whitechromatin.
To address whether H3 and H4 underacetylation is an expressing lineages, four independent TSA-induced FY2002 white colonies were picked and restreaked on intrinsic property of centromeric chromatin, or a peculiar property associated with the silent cen1L ura4 ϩ marker plates lacking TSA four times, successively. Whiteexpressing colonies were then scraped off, pooled, and gene itself, the FY2334 strain was constructed. FY2334
Red-repressed segregant colonies (resulting from cells of a white lineage flipping back to the repressed state) were scraped off the same plates, regrown in liquid culture, and subjected to chromatin IP. In all three cases examined, these red flipped-back cells had reassembled underacetylated chromatin resembling more the chromatin of untreated FY2002 cells ( Figure 5C ). Notably, histone H4 lysine residues 5 and 16 had returned to a 3-to 8-fold more underacetylated state ( Figure 5F ; Table 4B ).
Similarly, chromatin IP was carried out on a slowgrowing FY2334 lineage and flipped-back large segregant colonies 80-100 cell generations after TSA treatment. The lineage, which was generated by harvesting small colonies, showed 35% lagging chromosomes and clearly retained high levels of acetylation of imr chromatin, whereas the acetylation levels returned to a more normal state in the flipped-back large segregant colonies (Figures 5I and 5J ; Table 4C ).
This demonstrates that on incubation in ϩTSA medium, the chromatin coating the cen1L ura4 ϩ gene became acetylated and transcription of this normally repressed gene was activated. In the same way, imr chromatin became acetylated by exposure to TSA. Upon removal of TSA, this hyperacetylated state was retained and propagated through subsequent divisions, both in white-expressing FY2002 lineages and in corresponding nonmarked slow-growing FY2334 lineages, and was associated with persistent defects in chromosome segregation. This state was only metastable and flipped back at a measurable rate to the repressed underacetylated state that had normal chromosome segregation.
Euchromatic Genes, Derepressed by TSA, Are Repressed in Lineages Expressing cen1 Markers As histone acetylation is known to be capable of influencing gene expression, the observed effects of TSA amounts of centromeric or randomly integrated ura4 to ura4-DS/E (A-F) or relative amounts of the six copies of cen1 and 2 imr repeats To investigate this possibility, the dynamics of expresto a single imr copy integrated at the ura4 locus, ura4::imr1-DK/S sion of two ordinarily repressed genes were followed. grown in YESϩTSA (50 g/ml), a TSA-induced whiteexpressing lineage, and a red-repressed segregant from that lineage, and cDNA was synthesized. FY2002 cells inoculated into liquid culture, which was then used for chromatin IP analysis. The cells in these cultures had have two marker genes inserted within cen1 (cen1L ura4 ϩ and cen1R ade6 ϩ ) and the two corresponding been grown for an estimated 80-100 cell generations in the absence of TSA. The cells of all four expressing minigene controls at the endogenous loci (ura4-DS/E and ade6-DN/N). Therefore, the level of expression of lineages clearly retained high levels of histone acetylation on cen1L ura4 ϩ chromatin ( Figure 5E ; Table 4B ). both centromeric marker genes can be determined by the ratio of the full-length ura4 ϩ and ade6 ϩ products to To further investigate the dynamics of reestablishing the repressed state at nmt1 ϩ and fbp1 ϩ in comparison the ura4-DS/E and ade6-DN/N products in a competitive RT-PCR reaction. The nmt1 ϩ and fbp1 ϩ genes, detected to cen1L ura4 ϩ , cultures of FY2002 cells were incubated with 50 g/ml of TSA for seven divisions. Subsequently, by multiplex RT-PCR, were only expressed at low levels in rich medium (ϪTSA) as compared to the ura4-DS/E TSA was removed and cells were grown in nonselective medium and samples taken after 9-10 divisions. Multiminigene ( Figure 6A, lane 4) . Surprisingly, rich medium with TSA (lane 6) induced both nmt1 ϩ and fbp1 ϩ to plex RT-PCR was performed on the untreated cells (ϪTSA), on cells grown in TSA (ϩTSA), and after outsimilar levels as seen under the usual inductive conditions (Ϫthiamine Ϫglucose; compare lanes 4 and 6 to growth in medium lacking TSA ( Figure 6B ). TSA clearly induced expression of the three repressed genes, 12). The cen1L ura4 ϩ and cen1R ade6 ϩ genes were also induced by TSA as expected (lanes 6 and 16), and their nmt1 ϩ , fbp1 ϩ , and cen1L ura4 ϩ . However, after 9-10 doublings, with no selection imposed, both of the nonlevel of expression remained similar to their respective minigene controls in the TSA-generated white-expressing centromeric genes had returned to the repressed state, but a high proportion of cells still expressed the centrolineage, even 80-100 generations after drug withdrawal (lane 10 and 20). However, this same TSA-induced linmeric ura4 ϩ gene. Most untreated cells formed red FOAresistant colonies, but Ͼ99% of cells from cultures eage did not retain high levels of expression of the nmt1 ϩ and fbp1 ϩ genes; instead, the normal repressed state, grown in the presence of TSA formed white/Ura ϩ /FOAsensitive colonies. After outgrowth, the proportion of appropriate for growth in YES, was reestablished (compare lane 10 with lane 4). As expected, in the flipped-FOA-sensitive colonies declined to 62% and 68%. It should be noted that cells that return to the repressed back red-repressed segregant, neither the cen1L ura4 ϩ or cen1R ade6 ϩ products were detectable (lane 8 and state (FOA-resistant) had a growth advantage over those with the derepressed centromere-defective state, and 18). Thus, exposure to TSA induced the expression of two genes embedded in centric heterochromatin and so the liquid culture was rapidly taken over by the progeny of these FOA-resistant cells. Clearly, TSA-induced the two euchromatic genes analyzed. However, only expression of the centromeric ura4 ϩ and ade6 ϩ genes expression of the centromeric marker persisted even when repression had been reestablished at other loci. was maintained in the white lineage. These data indicate that genes at distinct positions strain that only carries the red-repressed cen1R ade6 ϩ marker. Recombination between the cen1L ura4 ϩ and in the genome can be induced upon initial exposure to TSA but return to the normal repressed state upon cen1R ade6 ϩ markers is minimal (Ͻ1 ϫ 10
Ϫ4
). Thus, the two parental centromeres can be distinguished from outgrowth, in the same way that the hyperacetylation of bulk chromatin was seen to return to normal in whiteeach other in progeny by the presence of either one or two marker genes. If the white-expressing centromereexpressing lineages (Figure 3) . Assuming that most euchromatic genes affected by TSA return to their normal defective phenotype is due to an alteration at a noncentromeric locus, random segregation dictates that 50% state with similar dynamics to the nmt1 ϩ and fbp1 ϩ genes, it seems plausible that the propagation of hyperof white progeny should carry cen1 marked with ade6 ϩ alone while the other 50% of white progeny should have acetylated centromeric chromatin causes the persistent chromosome missegregation events observed in the both ura4 ϩ and ade6 ϩ at cen1. However, Ͼ99.5% of white progeny colonies were found to carry cen1 from TSA-induced white-expressing and slow-growing lineages.
the TSA-induced white-expressing parent marked with ura4 ϩ and ade6 ϩ . Similar results were produced by the reciprocal cross (Figure 7 ). This indicated that the whiteThe White-Expressing Centromere-Defective expressing phenotype of cen1 was tightly linked to and State Is Inherited in Cis inherited in cis by cen1 (within 5-15 kb) itself, and thus To further investigate if the white-expressing centroexcludes the possibility that a noncentromeric locus, mere-defective state is due to a TSA-induced alteration altered by TSA treatment, indirectly affects centromeric in the property of the centromere itself, or to TSAsilencing, centromeric chromatin acetylation, and chroinduced altered expression of a noncentromeric locus, mosome segregation. genetic crosses were performed between centromerenormal and TSA-induced centromere-defective strains. This allowed the locus involved in determining centroDiscussion meric state to be mapped. A TSA-induced whiteexpressing lineage carrying both the cen1L ura4
ϩ and This study demonstrates that the function of complete, full-length fission yeast centromeres, residing at their cen1R ade6 ϩ marker genes was crossed to an untreated normal chromosomal location, is subject to epigenetic nucleate the assembly of a completely functional kinetochore ( Figure 8 ). In this model, the structure required for regulation. The data presented indicate that histone deacetylation plays an important role in this regulation.
the fully functional state could be propagated through mitotic cell cycles by temporal or spatial imprinting or Inhibiting histone deacetylation by incubation with TSA allows the expression of two normally repressed marker imprinting driven by the transcriptionally silent state or by combinations of these mechanisms. genes placed within S. pombe centromeres. Chromatin IP analyses show that the derepression of a centromeric
The temporal mechanism assumes that S. pombe ura4 ϩ gene correlates with increased H3 and H4 acetylation on nucleosomes packaging the ura4 ϩ gene. Importantly, the chromatin assembled on the centromeric imr repeats themselves is also underacetylated, and TSA treatment elevates the level of acetylation on this imr chromatin at cen1 and cen2. This hyperacetylation results in a highly elevated rate of chromosome loss and causes the Swi6 protein to delocalize from centromeres, where it is required for transcriptional silencing and normal chromosome transmission (Allshire et al., 1995; Ekwall et al., 1995 Ekwall et al., , 1996 . This suggests that TSA induces a major alteration in the conformation of centromeric heterochromatin. During exposure to TSA, a global increase in H3 and H4 acetylation occurred that correlated with the induction of two euchromatic genes, nmt1 ϩ and fbp1 ϩ , despite the presence of their normal repressory signals.
Genetic analyses demonstrated that TSA-induced centromere defects are carried in cis by the affected centromere rather than an unlinked trans-acting locus. Thus, by isolating lineages that specifically maintain chromatin to adopt a higher-order structure required to centromeres replicate in late S phase. Centromeric hetsequences leading to a defective centromeric state. In this scenario, changes in centromeric acetylation paterochromatin in other organisms is underacetylated and tends to replicate late in S (Turner et al., 1992 ; Jeppesen terns result in the small-colony phenotype, and subsequently, this state is propagated by continual transcripand Turner, 1993; TenHagen et al., 1990) . Late replication could act to imprint a structure by targeting particution causing hyperacetylation of centric chromatin. In S. cerevisiae, a strong promoter placed with its direction lar proteins or activities to those structures by temporal regulation of their expression or activity. A precedent is of transcription toward a centromere interferes with centromere function (reviewed in Hegemann and Fleig, the human histone H3 variant CENP-A, a likely component of the kinetochore (Warburton et al., 1997) . CENP-A 1993) . Thus, the assembly of a transcription complex and/or transcription itself at critical regions within fission must be expressed in late S to allow assembly into the kinetochore; when expressed in early S, it is distributed yeast centromeres after TSA treatment could compromise centromere function and mediate the effects obnonspecifically in the nucleus (Shelby et al., 1997) . It is possible that the putative late replication of fission yeast served. However, transcription per se within fission yeast centromeres does not necessarily disturb centrocentromeric DNA is required for the recruitment of a CENP-A-like protein into the kinetochore. The activity mere function. In wild-type and mutant strains, certain sites within cen1 express the ura4 ϩ gene at relatively of an HD could be restricted to late S so that centromeric nucleosomes carry a specific acetylation pattern. A shift high levels in most cells without adverse effects on chromosome segregation (Allshire et al., 1995; K. E. and in replication timing of centromeric DNA from late to early S would lead to acetylation of centric chromatin R. A., unpublished data). It remains to be determined which mechanism is responsible for the establishment and/or the absence of a centromeric protein. TSA treatment can change the replication timing of human loci and propagation of the normal functional centromere and TSA-induced centromere-defective epistates. Re- (Bickmore and Carothers, 1995) . Thus, the TSA-induced accumulation of acetylated histones that we observed gardless, it is clear that transient exposure to TSA alters the structural and functional imprint at fission yeast on fission yeast centromeric chromatin may alter the time of replication of the centromere leading to defective centromeres. chromosome segregation.
The spatial restriction mechanism requires a specific Epigenetic Regulation of Centromere way for targeting HD to centromeric chromatin. A selfFunction in Other Systems perpetuation mechanism could be in place where a speIn humans and Drosophila, centric heterochromatin is cific HD only associates with underacetylated nucleounderacetylated (Turner et al., 1992 ; O'Neill and Turner, somes or nucleosomes marked with a specific pattern of 1995). A particular acetylated state may also contribute acetylation, and this imposes targeting of a centromereto heterochromatin formation in Drosophila (Dorn et al., specific factor. Sin3 proteins target HD activity to chro-1986) . The centromere of a Drosophila minichromosome matin of specific genes to modulate their activity (recontains ‫004ف‬ kb of heterochromatic repetitive seviewed in Wolffe, 1997 ). An S. pombe Sin3-like protein quences interspersed with transposable elements (Murmight be required to maintain the underacetylated state phy and Karpen, 1995; Sun et al., 1997 [this issue of at fission yeast centromeres by tethering an HD activity.
Cell]). Factors that affect the formation of Drosophila In this model, in cells treated with TSA, HD activity is heterochromatin disturb chromosome segregation (Kelinhibited and delocalized due to increasing acetylation lum and Alberts, 1995). Thus, it is possible that the acetof centromeric chromatin with each round of division in ylated state of Drosophila centric heterochromatin also TSA. Hyperacetylation would exclude this HD from the contributes to centromere function. centromere in white-expressing lineages. Flipping back
In humans and other organisms, there are several to the repressed state may involve the centromere restudies that suggest that centromere formation can be gaining HD localization by a stochastic event; relocalizaepigenetically regulated (for review, see Karpen and Alltion of just one HD molecule might lead to progressive shire, 1998). Centromeres are frequently inactivated on deacetylation and more HD binding, causing a rapid dicentric chromosomes, and new or "neocentromeres" switch to the underacetylated state.
can be formed in chromosomal regions not normally Finally, the functional imprint could be propagated associated with centromere activity. Inactivation is corby the transcriptionally silent state itself. The defective related with loss of specific kinetochore components centromere state may result from assembling transcripsuch as CENP-A, -C, and -E (Sullivan and Schwartz, tion complexes within the centromere that act to main-1995; Warburton et al., 1997) , while neocentromere actitain the hyperacetylated state. Our observations exvation results in the appearance of these proteins at clude the possibility that the disruptive effect of TSA is these new sites (du Sart et al., 1997 in the inappropriate transcription of key centromeric
